Studies of flavor mixings among left squarks (superpartners of left-handed components of quarks) and right squarks are made in the minimal low energy supergravity model, where all one-loop corrections are taken into account from renormalization group equations. So far, their effects on physics have been presumed to be negligible. Ii is found, contrary to that presumption, that they play major roles in two phenomena, the electric dipole moment of neutron and the asymmetry of muon polarization in
Since the discovery of supersymmetry (SUSY), many studies on the phenomenological aspect of SUSY theories have been made. 1) Some of them argued direct processes where SUSY particles are really produced and decay in accelerator experiments. 2 ) Others dealt with the phenomena, which we call indirect processes, where SUSY particles contribute as virtual fields in Feynman diagrams.
At present, the effort of observing direct processes is in progress. Here we focus on the analysis of indirect processes. Among various indirect processes, CP violation through SUSY particle exchange is one of the most interesting subjects. Some phenomenologically successful SUSY models have new kinds of CP violating interactions which are not present in the standard model. It is likely that their predictions on physics differ from those by the standard model. In fact, the recently measured long B-meson life-time ('""10-12 sec) may be a threat for the standard model to realize the experimental value of IS-parameter if top quark is light (mt;'S 50 Ge V), while some SUSY models are free from this difficulty.3) We think that a detailed study of CP violation in SUSY models is useful for the test of SUSY in low energy physics.
As a model, we adopt the minimal low energy supergravity modeV) In this model there are two kinds of sources of CP violation phases in general. One is the KobayashiMaskawa (KM) phase 5 ) and the other is complex parameters of soft SUSY breaking terms. The latter gives large contributions to the electric dipole moment (EDM) of neutron, so that there is a severe constraint on them. 6 ) The left (right)-handed component of a quark has a superpartner, scalar quark, which is called the left (right) squark in this paper. In three generation models, a mass matrix of squarks is 6x6 matrix consisting of three 3x3 matrices, (L-L), (L-R) and (R-R), as follows:
where (L-L) is a part of mass matrix among three left squarks, and so on. The (R-R) part shall be chosen to be diagonal, then in general both (L-L) and (L-R) parts contain flavor mixings among squarks, which become origins of CP violation. The effects of flavor mixings in the (L-R) part have not been taken into account seriously so far in the studies of CP violation in SUSY models,*) since the (L-R) part is suppressed by (quark mass)/ (mass scale of SUSY particles). However, flavor mixings in the (L-R) part may give significant contributions in some cases where left-right squark mixings play an important role. In this work we investigate the CP violating effects of left-right squark flavor mixings, and show that they give contributions larger than those by flavor mixings in the (L-L) part to EDM of neutron and to the longitudinal polarization of muons in
The next two sections are devoted to the description of the model and our notation. Quantum effects on squark flavor mixings are investigated in detail with the use of renormalization group equations (RGE). We present interaction Lagrangian and squark mass matrices by taking into account full one-loop corrections. With these results we study in § § 4 and 5 CP violation phenomena where left-right squark flavor mixings play more important roles than those among left squarks only do. Conclusions are given in the final section. § 2. Interaction Lagrangian Our model is a minimal supersymmetric extension of the standard model, where SUSY is softly broken by super-Higgs effect. 4) Chiral supermultiplets which appear in this work are those of quarks, leptons and two Higgs doublets. One of the Higgs scalars gives masses to charged leptons and d-type quarks, another to u-type quarks. To explain Table I . The chiral multiplets. Superpartners of the usual fields are expressed with the symbol ~ at the top. The index n represents generation.
H=[ HO]
H-
our notation we show the chiral superfields with their transformation properties under Table I .
The Lagrangian relevant to our study is given as follows:
where the field V is the vector superfield of *) There are many papers on CP violation in SUSY models. As comprehensive ones we refer the reader to Refs. 3) and 7). gauge multiplet.
At the GUT scale (MG), the parameters of soft SUSY breaking terms appearing in Eq. (2 -I) have the following relations 4 ) in matrix form:
where the parameters mg and A are the gravitino mass and a constant of order 1, respectively. Development of parameters in the theory at lower scale is obtained with the aid of RGE whkb. are given in several references. 4 On the other hand, the values of Yukawa couplings are measured at low energy (:S M w). As for the gauge couplings, they are measured at low energy, but the expressions (2-4) ~ (2-8) become simpler when we use the gauge couplings at MG since we assume grand unification of gauge interactions. A calculation of gauge coupling constant at MG has been made by Inoue et al. in this kind of model.
)
They found (4Jr/g 2 ) =24.1 at MG. We believe our expressions are most convenient for the analysis of low energy phenomena. In the Lagrangian at Mw, we rotate the chiral superfields so that the fermion (quark) components of them may be transformed into mass eigenstates. We define unitary matrices as
By these unitary matrices we have
Qu=UutXuQ", Qd=UDtXnQd, 
(2·14)
With these relations and Eqs. (2·4) ~ (2·8), our Lagrangian becomes as follows:
where generation indices are implicit. The parameters in the above expression are defined as
N ow the parameters in the Lagrangian (2 ·15) are expressed in terms of quark masses, KM matrix, some calculable quantities ( 
, where g2 is S U (2) gauge coupling constant. Both VEV s are supposed to be of order 10 2 Ge V. There are three kinds of contributions to squark mass matrices, one contribution from soft SUSY breaking terms and the others from supersymmetric D and F terms. The scalar parts of D terms are (3 ·1) where gN is the gauge coupling constant of SU(N) (U(l) for N=l) interaction, T a is a generator of the gauge group and rp stands for all the scalar fields in the theory. On weak symmetry breaking, D term leads to
These terms depend on transformation properties under gauge groups only, so that they have no generation dependence.
The contributions from F term are obtained with the aid of the well-known formula, VF= ~~law/a¢12, where W is a superpotential. The Lagrangian (2·15) gives
Finally, replacing ho and h~ by v and v', respectively, in the soft SUSY breaking terms of Eq. (2·15), we have
We sum up these contributions, then the mass matrix of d-type squarks are given as follows:
where
For convenience we reparametrise Eqs. (3· 6) ~ (3·8) by dividing them into three parts; (a part proportional to unit matrix) + (generation diagonal part) + (flavor mixing part).
Then we have where the coefficients are defined as
In the same way we have u-type squark mass matrix:
The definitions of the coefficients in the above equations are
(3 ·13) (3 ·14) Let us' transform squarks into their mass eigenstates. The~squark mass matrices, M2D and M 2 u, are Hermitian, so that we need two 6X6unitary matrices, X D and Xu, to diagonalize them. Let
where M2D and M 2 u are ,diagonal matrices. The unitary matrix X D (Xu) is further decomposed into two 3 X 6 matrices as follows:
We express the mass eigenstate scalar quarks by Sd and Su, then (3 ·17) that is and (3 ·18)
Applying these relations to Eq. (2 ·15), we have a Lagrangian in which both quarks and squarks are mass eigenstates. The Lagrangian obtained in this way will be so complicated (especially in trilinear scalar couplings) that we do not show here the complete one, but the part of SU(3) interaction among quark, squark and gluino will be given in the next section. There we will discuss how the flavor mixings in the (L-R) part affect the supersymmetric contributions to EDM of neutron. § 4. Electric dipole moment of neutron It has been known that one-loop diagrams which include gluino propagation give major supersymmetric contributions to the electric dipole moment (EDM) of neutron in softly broken SUSY models. 6 )
The interaction Lagrangian among quark, squark and gluino in Eq. (2·15) reads as follows:
The squarks are rotated into mass eigenstates as Eq. (3·18), then we have
J: int = ij2g3[SU *(rL ut ) i3 UL + Sd*(TLDt) i 3dL -URA3(r R U )Su-dRA3(rR D ) Sd]+ (h.c.). (4·2)
The EDM of neutron UD N ) is related to EDM of u-quark (g)u) and that of d- 
To evaluate the imaginary part in Eq.
(4~4) we use Eq. (3·16),
and the identity derived in Appendix A. The final expression of fJ) d SS is given as follows :*)
where iiJ2D is the average of eigenvalues of M 2 D.
In the same manner we have for uquark,
Let us discuss the imaginary part of Eq. (4·7). If the soft SUSY breaking parameter
A has a complex phase, the n = 1 term dominates and reproduces the result of Ref. 6) . Then that phase has to be so small « 10- 
Im[{(M 2 D-M 2 D ·l)3}41]= (sD/mg)3 md (mb 2 -m/) (mc 2 -mu 2 )(mt 2 -mu 2 )
Similarly for u-type squark mass matrix, the first nontrivial value is
Im[{(M 2 u-M 2 u ·1)3}41] (4·9)
The quantities SD and su are supposed to be of the same order, while we know mt '}pmb and mc'}pms. Thus substituting Eqs. (4·9) and (4·10) into Eqs. (4·7) and (4·8), respectively, we find ff)d SS dominates ff)uss. Finally, SUSY contribution to EDM of neutron is calculated as follows:
where r;=M3/mg, Z od=M2D/M3 2 and the masses mg aud mt should be measured in GeV unit. To estimate this value we first study the quantity r; -71'3)( Zo d). According to our results given in the previous sections, M2D=Tr(M2D) / 6~ {11/ 4-(mt/mg)2}mg 2 under the assumptions M=mg~v~v' and A~3. We write Z o d=M2D/M3 2 =wr;-2 by using a constant w=M2D/m/ which is supposed to take a value from 1 to 3. The gluino mass M3 is known to be proportional to the gauge coupling constant squared as M3 = (g) g) 2 As for the remaining quantities in Eq. (4'11), Eq. (3'9) tells us that sD~1 as far as mg~Vr and IAI~3. If we take mg~102 Ge V and mt ~ 50Ge V, for example, then we find Ig) NSSI:'S 10-34 e' cm, which is far below the experimental upper bound (4 X 1O-2s e·cm). However, Eq. where NR(L) is the number of muons with positive (negative) chirality. This quantity is expected to be measurable in a near future experiment involving intense kaon beam. Herczeg 1 !) showed that an asymmetry IPllarger than about 10-3 suggests the presence of an interaction beyond those in the standard model.. Order estimations of supersymmetric contributions to this asymmetry have been done by the author12) and it has been concluded that the asymmetry due to SUSY particle exchange will not exceed 10-3 unless there exists a light neutral Higgs scalar (mass:'S10 GeV). In this section we reanalyze this process using the Lagrangian (2·15) to show that flavor mixings in the (L-R) part of scalar quark mass matrix do give larger contribution than that by the (L-L) part.
Writing the effective Hamiltonian of KL ~ fJ.+ fJ.-decay as
the asymmetry P of muon polarization is given byll)
As found in Ref. 12) , there are two kinds of SUSY particle involving Feynman diagrams which contribute to H eff , one is the box type diagram and the other is the triangle type one. The former gives less contributions than the latter as long as the mass of neutral Higgs scalar is reasonable (:'S 10 2 Ge V) .12) We consider here triangle type diagrams shown in Figs. 2(a) and (b) . Figure 2 (a) involves a flavor mixing in the (L-R) part, while Fig. 2 Lastly we make a numerical estimation of major SUSY contribution (5·4) to the asymmetry P. To derive these conclusions we have used the interaction Lagrangian and squark mass matrices where all one-loop corrections are taken into account with the use of RGE. We have included corrections by small Yukawa interactions. Our only approximation at this stage was to use perturbative solutions of RGE up to (coupling) 5 . We believe these results are more precise than those so far obtained in other works. Our interaction Lagrangian will be useful for other studies of SUSY phenomenology at low energy.
Although we we have discussed only two phenomena in this paper, there may be another phenomenon where left-right squark flavor mixings play important roles. It would be interesting to study the effects of left-right squark flavor mixings for other processes. where X k, Y k and Z k are n X n matrices, then Hermiteness of M k implies that X k is also Hermitian, so that (X k) II is real. In addition, (Yk) II = (M k) n+l,l is also real by assumption. Now we calculate Mk+l,
Yk-X+Zk-a Yk-a+Zk-b
Then using Hermiteness of Mk+I, we find 
